Neopterin concentrations reflect the activation of the cellular immune system. Neopterin is released by macrophages stimulated by interferon-γ (IFN-γ), which is produced by activated T lymphocytes. Raised neopterin concentrations in body fluids are found in various disorders, e.g. viral infections (AIDS, cytomegalovirus, hepatitis), intracellular bacteria infections (Mycobacteruim tuberculosis, Mycobacterium leprae), autoimmune disorders and malignancy. Neopterin concentrations are low or not significantly increased in bacterial infections, with exception of infections with intracellular bacteria. The aim of this study was to evaluate the usefulness of neopterin in the differential diagnosis of viral (Rotavirus) and bacterial (Salmonella) origin of diarrhoea. 129 children, aged 1 month -14 years, who were hospitalized for rotavirus gastroenteritis or salmonellosis were included into the study. Rotavirus was identified by latex test and Salmonella by stool cultures and the children were divided into 2 groups: with rotavirus infection (group I (R) -71 children) and with salmonellosis (group II (S) -58 children). In this study it was analyzed: disease duration before hospitalization, the general condition of a child on admission, body temperature, the number of loose and bloody stools and the number of vomits. On their admission to hospital, erythrocyte sedimentation rate (ESR), leukocyte count, and in the sera of all children C-reactive protein (CRP) and neopterin concentrations were determined. The serum neopterin concentrations were analyzed by ELISA. Mean neopterin concentration was 35.0 nmol/L in patients with salmonellosis, and it was significantly higher than in patients with rotavirus infection (22.0 nmol/L; p <0,001). The neopterin level that reliably discriminated between rotavirus diarrhoea and salmonellosis was 22 nmol/L: neopterin concentration higher than 22 nmol/L suggested diarrhoea caused by Salmonella, and neopterin concentrations equal or lower than 22 nmol/L suggested a rotavirus diarrhoea The combination of the results of two (neopterin >10 nmol/L and CRP >10mg/L) or three (neopterin >10nmol/L, ESR >10mm/h, CRP >10mg/L) serum markers helps to achieve better results. The best specificity (100%) was obtained for CRP concentration >15mg/L and neopterin concentration >37 nmol/L. We conclude that serum neopterin concentrations in children with acute diarrhea are not a laboratory indicator diversifying salmonellosis and rotavirus infection, because it increases in both infections. However higher concentrations indicate salmonellosis.
Introduction
The most common pathogens of acute diarrhea there are viruses: rotaviruses, adenoviruses, caliciviruses, astroviruses, Norwalk-like viruses and bacteria: Salmonella (mainly S. enteritidis), Escherichia coli, Campylobacter jejuni, Yersinia enterocolitica, Shigella, Clostridium difficile (1) (2) (3) .
In routine diagnostics of acute diarrhea the results of basic laboratory tests, like erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) concentration or leukocyte count, are taken into consideration till the time of getting results of bacteriological or virological tests. One of a new indicators of an inflammation, worthy of notice, is neopterin.
Neopterin belongs to the class of pteridines. It is produced by macrophages stimulated by the interferon-γ (IFN-γ), of which activated Th1-type lymphocytes are a source. Viral antigens, by the stimulation of IFN-γ production, cause the increase of neopterin concentrations in serum, and this concentration does not depend on the kind of the virus and it could serve as non-specific marker of viral infection (4) (5) (6) (7) . In contrast to highly increased neopterin concentrations in patients with virus infections, in patients with acute bacterial infections usually normal or slightly increased values can be detected. Only intracellular bacteria cause the immune response stimulated by IFN-γ. Hence infection caused by Mycobacterium leprae and Mycobacterium tuberculosis are associated with higher neopterin concentrations (8, 9) . Salmonella are intracellular bacteria and thus, they may induce stimulation of IFN-γ and consequently an increase of neopterin level.
Neopterin concentration can be measured using several methods: enzyme-linked immunosorbent assay (ELISA), high-performance liquid chromatography (HPLC), radioimmunoassay (RIA) in various body fluids as serum, plasma, urine, cerebrospinal fluid and saliva. Serum levels above 10 µmol/L are regarded as elevated.
The aim of this study is to analyze the usefulness of neopterin concentrations in serum in the differential diagnosis between bacterial (caused by Salmonella) or viral (caused by Rotavirus) diarrhea in children compared with the usefulness of other routine laboratory tests.
Materials and Methods
129 children, 67 boys and 62 girls, aged from 1 month to 14 years, hospitalized because of acute diarrhea in the Chair and Department of Pediatrics in Bytom (Medical University of Silesia) were included in this study. None of the children were immunocompromised or had an underlying disease. The presence of antigen of Rotavirus in stool was identified using Slidex Rota-Kit, (Biomerieux). Salmonella was identified by stool cultures. Children were divided into two groups: 71 children (55%) with an infection caused by rotavirus were in group (R), 58 persons (45%) with bacterial infection caused by Salmonella were in group (S).
Children were analyzed the following clinical data: disease duration before hospitalization, a general condition of a child on admission to hospital, a body temperature of a child on admission and during the first day of hospitalization, number of loose or bloody stools in 24h preceding the hospitalization and during the first day of hospitalization, number of vomits. We analyzed the results of the following laboratory tests: ESR, the number of leucocytes, CRP concentration and neopterin concentration. ESR and leukocyte count were analyzed using standard methods, CRP concentrations were measured by immunoturbidimetry. The serum for neopterin determination by immune-enzymatic method (ELISA; IBL GmbH, Hamburg, Germany) was collected at admission and frozen at -20°C.
The same children from the groups R and S were examined 3 weeks after recovery and results were used as the control groups. 3 children had to be excluded from the control groups: in 2 children Salmonella were still present in their stools and 1 child suffered from epidemic parotitis.
Statistical analyses were performed with STATIS-TICA ver.7.1 of Statsoft. Differences among groups of unpaired data were analyzed by Mann-Whitney U-test, correlation of parameters by Spearmann test. P-values of p <0.05 were accepted as statistically significant. The value of neopterin concentration in the differential diagnosis of salmonellosis and rotavirus diarrhea was analyzed by determining its sensitivity and specificity. ESR, leukocyte count and CRP level were used as additional parameters to discriminate the origin of infection.
Results and Discussion
Statistically significant differences between the group R and S were found for following parameters: the patient's condition on admission to hospital (children with rotavirus diarrhea were more often in poor general condition), the body temperature (children with salmonellosis had more often body temperatures above 39°C), the number of loose stools in the first day of hospitalization (more stools in the group of children with salmonellosis), the number of bloody stools during the day before admission and in the first day of hospitalization (in both cases more bloody stools in children with salmonellosis), the number of vomits in twenty-four hours preceding hospitalization (more vomits in children with rotavirus infection).
The results of the following laboratory tests: ESR after 1 hour, numbers of leukocytes, CRP concentrations and neopterin concentrations are shown in (Figure 1 and Table 1 ). Statistically significant differences were found for: ESR after 1 hour (p <0.001), CRP (p <0.001) and neopterin (p <0.002). We found significant inverse correlations between neopterin and ESR (-0.286, p <0.02) in the group R and a significant positive correlation (0.345; p <0.01) between these variables in the group S.
On the first day of hospitalization ESR, CRP and neopterin were significantly higher in children with salmonellosis, and the potential usefulness of the combination of these variables was determined: ESR and/or CRP with neopterin to diagnose salmonellosis. As a cut-off the laboratory norm levels were used: ESR >10 mm/1h, CRP >10 mg/L and neopterin >10 nmol/L) ( Table 2 ). The combination of two (neopterin >10 nmol/L and CRP >10 mg/L) or three (neopterin >10nmol/L, ESR >10 mm/1h, CRP >10 mg/L) indicators of inflammation achieved high sensitivity but low specificity, while combination of neopterin >10nmol/L and ESR >10mm/1h had better sensitivity and specificity for diagnosing salmonellosis. A maximum specificity (100%) determined statistically for diagnosing salmonellosis was for CRP >15mg/L and neopterin >37nmol/L. Three weeks after discharge from hospital in the group R the mean neopterin concentration was 8.6 (± 5.6) nmol/L, in the group S it was 8.7 (± 5.5) nmol/L, and the difference is not statistically significant (p >0.1).
Discussion
Among the patients of Pediatric Clinic in Bytom in Table 1 . A comparison of inflammation markers in children with acute diarrhea caused by rotavirus (Group R) or salmonella (Group S) (10) the principal treatment modality is the implementation of oral rehydratation therapy (ORT) independently of an etiology of diarrhea. Intravenous fluid is recommended for initial management of severe dehydratation due to diarrhea, followed by ORT for correction of ongoing fluid losses. Appropriate feeding during diarrhea is recommended for nutritional recovery and to prevent bodyweight loss (10) . In many cases of diarrhea (from 30% up to 60%) it is impossible to establish its etiology in spite of routine microbiological, virological and serologic diagnostics carried out.
In the everyday practice, many laboratory markers of an inflammatory condition are used which can show indirectly the etiology of diarrhea. In this study, we analyzed the routine laboratory parameters as ESR, the number of leukocytes, CRP concentration. In addition, neopterin concentration was taken into consideration, of which the diagnostic significance in the course of acute diarrhea in children has not been determined yet. Data collected in the present study showed important differences between the group of children with rotavirus diarrhea and the group with salmonellosis concerning mean value of ESR, CRP concentrations and neopterin concentrations (there were characteristically higher in children with salmonellosis). Presented results, concerning the increase of ESR in bacterial infection, are in accordance with general knowledge regarding behavior of this marker (11) . In both groups, the average number of leucocytes was similar and it was not a laboratory indicator speaking for the etiology of illness. Yeung and al. determined the CRP concentration in the serum of children with bacterial or viral diarrhea stating that the increased CRP >13 mg/L concentration indicated bacterial origin with sensitivity of 54% and specificity of 72% (12) . In the analyzed group of children with rotavirus diarrhea the mean CRP concentration amounted to 5.5 mg/L (only in 9.8% was higher than 10 mg/L), while in the group with salmonellosis it was: 25.0 mg/L. It has to be emphasized that only in one child with rotavirus infection the CRP concentration was higher than 20mg/L (28.3 mg/L), while in the group with salmonellosis such a score was get in 22.6% of children. However, in the group S normal CRP concentrations were also stated, perhaps it resulted from short time between taking a blood sample for the test and the start of the disease. We have found no reports concerning neopterin concentrations in children with acute diarrhea, so it was impossible to compare own research findings with publications of other authors.
Viral infection is typical morbidity, during which neopterin concentrations in serum increases what was stated on the basis of tests carried out in patients ill from chickenpox, German measles, epidemic parotitis, influenza, viral hepatitis, AIDS (13) (14) (15) (16) . In the present study we also found the high levels of neopterin concentration in the acute phase of rotavirus diarrhea and characteristically low concentrations three weeks after discharge from hospital. Salmonella are intracellular bacteria, and similar to Mycobacterium tuberculosis (8) and Mycobacterium leprae (9) cause the stimulation IFN-γ and increase in neopterin concentration. In the course of infection provoked by Salmonella we should expect high neopterin concentrations. This fact agrees with the results of presented study -the mean neopterin concentration was significantly higher in children with salmonellosis. Increased neopterin concentrations compared to healthy children were also observed in two children during the control examination three weeks after discharge, in which stools the presence of Salmonella was still stated without any clinical symptoms. Neopterin concentration can be considered as the useful parameter to establish the etiology of infection. However higher sensitivity and specificity is gained by combination of neopterin concentrations with other inflammation markers. The similar results achieved Ip and al. (17) , who determined the value of procalcitonin, neopterin and CRP in differentiating bacterial from viral etiologies in adults presenting with lower respiratory tract infections in adults. In everyday practice for better diagnosis and In conclusion, serum neopterin concentration in children with acute diarrhea is not a laboratory indicator diversifying salmonellosis and rotavirus infection, because it increases in both types of infection. However, higher concentrations indicate salmonellosis. Taking into consideration results of neopterin concentration and of other parameters of inflammation (e.g. ESR, CRP concentration) inclusion of neopterin improves specificity of diagnosing salmonellosis. Serum neopterin concentration is low 3 weeks after disease independently of the origin of diarrhea (Rotavirus or Salmonella).
